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摘 要 
钐及其合金由于特殊的物化性质，已经在稀土永磁材料、钢铁和有色金属合
金、原子能工业、生物研究和医疗、功能陶瓷等众多领域获得了广泛的应用。作
为材料设计的理论依据，相图是金属材料开发设计中不可或缺的重要工具。因此
为了实现对钐合金的成分设计、组织优化以及性能改进，开展稀土 Sm 基合金的
热力学相图计算，是一项极具价值的研究工作。 
本论文利用相图计算的 CALPHAD 方法，对部分稀土 Sm 基合金的相图进行
了热力学优化与计算，主要研究结果如下： 
（1）基于文献报道的 Sm-X (B, Bi, Nd, Sb, Sn)各二元系的实验相图和热力学
信息，采用合理的热力学模型，优化与计算了上述共计 5个二元 Sm 基合金相图。
计算结果与实验数据吻合良好，并得到了一组合理自洽的热力学优化参数。利用
所得的优化参数，计算了各二元系的相图和相关热力学性质。 
（2）基于文献报道的 B-Tm、Ce-Ga 和 Dy-Nd 各二元系的实验相图和热力
学信息，采用合理的热力学模型，优化与计算了上述共计 3 个二元稀土合金相图。
计算结果与实验数据吻合良好，并得到了一组合理自洽的热力学优化参数。利用
所得的优化参数，计算了各二元系的相图和相关热力学性质。 
（3）利用文献报道和本研究所得的基础二元系热力学优化参数，基于
Sm-B-Fe，Sm-Co-Sn，Sm-Fe-Sn 和 Dy-Fe-Nd 各三元系的实验相平衡信息，采用
合理的热力学模型，优化与计算了上述共计 4 个三元稀土合金相图。计算结果与
实验数据吻合良好，并得到了一组合理自洽的热力学优化参数。利用所得的优化
参数，计算预测了各三元系任意温度和成分的相图。 
（4）利用文献报道和本研究所得的基础二元及三元系热力学优化参数，采
用合理的热力学模型，建立了 Nd-Fe-B-Dy 和 Sm-Co-Cu-Fe 四元系合金的热力学
数据库，探索了该数据库在稀土永磁合金成分设计中的应用。本研究的计算结果，
为钕铁硼系和钴钐系永磁合金的成分设计及制备工艺选择提供重要的理论指导。 
 
关键词：稀土钐；CALPHAD；相图 
厦
门
大
学
博
硕
士
论
文
摘
要
库
II 
 
  
厦
门
大
学
博
硕
士
论
文
摘
要
库
III 
 
Abstract 
Owing to their special physical and chemical properties, the alloys formed with 
samarium have been found applications in all kinds of fields, such as rare earth 
permanent magnets, steel and Non-ferrous metals, nuclear energy industry, biological 
research and medical and functional ceramics. As an important tool, phase diagram 
can effectively enhance the development of new metal materials. The phase equilibria 
and thermodynamic database of Sm-based alloys is necessary to investigate for 
designing their compositions, structure and performance. 
In this work, thermodynamic assessment and calculation of phase diagram for the 
Sm-based alloy systems were carried out by the CALPHAD method. Major and 
detailed research results are listed as follow: 
(1) Based on the experimental phase equilibria and thermodynamic data, the phase 
diagram of the Sm-X (B, Bi, Nd, Sb, Sn) binary systems have been 
thermodynamically assessed and calculated. A set of self-consistent and reasonable 
parameters were eventually obtained, which led to a satisfactory agreement between 
the calculated results and experimental data. The related phase diagram and 
thermodynamic properties of these systems were calculated. 
(2) Based on the experimental phase equilibria and thermodynamic data, the phase 
diagram of the B-Tm, Ce-Ga and Dy-Nd binary systems have been 
thermodynamically assessed and calculated. A set of self-consistent and reasonable 
parameters were eventually obtained, which led to a satisfactory agreement between 
the calculated results and experimental data. The related phase diagram and 
thermodynamic properties of these systems were calculated. 
(3) With the primary binary thermodynamic parameters in the literature, the phase 
diagram of the Sm-B-Fe, Sm-Co-Sn, Sm-Fe-Sn and Dy-Fe-Nd ternary systems have 
been thermodynamically assessed and calculated based on the experimental phase 
equilibria. A set of self-consistent and reasonable parameters were eventually obtained, 
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which led to a satisfactory agreement between the calculated results and experimental 
data. The related isothermal sections of these systems were calculated. 
(4) With the primary binary and ternary thermodynamic parameters in the literature, 
the thermodynamic databases for phase diagram in the Nd-Fe-B-Dy and 
Sm-Co-Cu-Fe systems have been developed. The related vertical sections and phase 
fraction diagrams were calculated by using these databases. These calculated results 
will provide theoretical guidance for the research and design of rare earth permanent 
magnets with superior properties. 
 
Keywords: Rare Earth Samarium; CALPHAD; Phase Diagram 
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